AgriPhage applied as a preventative foliar spray significantly reduced severity of bacterial canker of greenhouse tomato in two of three years. Area under the disease progress curves ( 
Introduction
Greenhouse tomato production occurs on approximately 850 acres in the United States (4) . The value of the crop is estimated to be approximately $340 million dollars annually. Bacterial canker, caused by Clavibacter michiganensis subsp. michiganensis (Cmm), is a very destructive disease of tomato, both in field and greenhouse production systems (11, 12) . The bacterium overwinters on plant debris and weed hosts, and it can be seed-borne. The disease is spread from plant to plant by splashing water, contaminated equipment, or workers' hands.
Symptoms of bacterial canker in greenhouse tomatoes differ from those expressed in the field. The disease is usually first observed on plants when the first fruit cluster begins to ripen. The initial symptom is the appearance of small, water-soaked areas between veins on leaves in the upper one-third of the plant (Fig. 1) . These are characteristic symptoms of localized infection (7) . The watersoaked lesions enlarge quickly and become tan and necrotic. Eventually the necrotic area advances to a more dark brown coloration (Fig. 1) . As the disease progresses, entire leaves become necrotic and remain attached to the plant. Following significant interveinal leaf necrosis, systemic infection occurs that results in a general wilting from the top of the plant that progresses downward. Wilted plants exhibit vascular discoloration (Fig. 2) and usually die rapidly. Stems of dying plants develop dark brown cankers at the nodes and some of these cankers split open as the plant dries down. Fruit symptoms have not been observed in greenhouse tomatoes (D. M. Ingram, personal observation). Bacterial canker of tomato has recently become the most important disease in the greenhouse tomato industry, particularly in the western United States, Mexico, and Canada (M. Bledsoe and K. Tifft, personal communication). At the first sign of symptom development, plants are removed from the greenhouse. Removal of large numbers of plants results in devastating economic losses ranging in the millions of dollars. Entire greenhouses have been destroyed by the disease (M. Bledsoe, personal communication). It is thought that infected transplants were the initial source of inoculum introduction (7) . Another hypothesis put forth to explain recurrence of the disease in a greenhouse was that the bacteria survived in plant debris resulting from the cultural practices of leaf and cluster pruning which left large amounts of plant residue on the greenhouse floor during much of the growing season.
Management of bacterial canker begins with clean seeds and healthy transplants. Seeds can be disinfested by treating with calcium hypochlorite, hydrochloric acid, or soaking in hot water (7) . Copper bactericides are labeled for bacterial speck and spot on field tomatoes and other crops but efficacy against bacterial canker in greenhouse tomato culture is unknown. Many products have been tested for efficacy against bacterial canker including the compounds inducing systemic acquired resistance (13, 16) , antibiotics (17) , fluorescent pseudomonads (3), plant growth promoting rhizobacteria (6), composts (18) , and various combinations of products with copper (9) .
Recently, specific bacteriophages for the control of bacterial spot in field grown tomato have been commercially developed (OmniLytics Inc., Salt Lake City, UT). A bacteriophage is a virus that is pathogenic to a bacterium and results in lysis of the bacterial cells (1) . Bacteriophages have been shown to suppress bacterial spot in tomato (13) . However, research is needed on how to best use bacteriophages in a greenhouse environment. Research has been conducted on improving the efficacy of bacteriophages applied in the field using various formulations with natural products such as skim milk (2) . Findings have suggested that bacteriophage products perform best when applied at dusk, due to the photosensitivity of the phage (2). Recently, Cmm-specific bacteriophages have been developed by OmniLytics and EPA registration is pending further efficacy trials. The objective of this study was to evaluate foliar sprays of bacteriophages for efficacy against bacterial canker in greenhouse tomato.
Bacteriophage Efficacy Trials
Clavibacter michiganensis subsp. michiganensis (Lu-01) isolated from symptomatic tomato plants at Village Farms Greenhouses in Marfa, TX, was used for this study. The isolate was maintained in 10% glycerol at -80°C and recovered by culturing on nutrient broth yeast extract (NBY) agar (8) . To prepare inoculum, bacterial cells growing on NBY plates for 24 h were harvested and suspended in sterile 0.02-M phosphate buffer (pH 7.0). The bacterial cell concentration was adjusted to approximately 1 × 10 8 CFU/ml (O.D. 0.3 at A 420 ) using a spectrophotometer. Upon termination of each trial in each year, symptomatic plant tissue plated onto NBY resulted in bacterial colonies typical of Clavibacter michiganensis subsp. michiganensis and identity was confirmed with PCR using the species-specific primers CMM5 and CMM6 (5) . Additionally, the presence of Cmm in symptomatic plants was confirmed by testing with Agdia immunostrips.
Greenhouses at Truck Crops Branch Experiment Station in Crystal Springs, MS, were used for all experiments. Plots (rows) were arranged in a randomized complete block design with four replications each with twelve plants. Data collected included the degree of interveinal leaf necrosis expressed as a percentage of total leaf area, area under the disease progress curve (AUDPC), and number of dead plants. Interveinal leaf necrosis was visually estimated using a modification of James' manual of assessment keys for plant diseases (10) and was expressed as percentage (ranging from 0 = no leaf necrosis to 100 = all plant leaves necrotic) of leaf area exhibiting necrotic tissue. Visual ratings were made seven times in 2006, and six times in 2007 and 2008 (Table 2) . Marketable, cull, and total fruit yield were also determined. AUDPC was calculated for interveinal leaf necrosis by using the formula of Shaner and Finney (15) . All data were subjected to analysis of variance using SAS version 9.1.2 for PC (SAS Institute Inc., Cary, NC). Fisher's Protected Least Significant Difference Test (P = 0.05) was used to separate means.
Effect of Bacteriophage on Bacterial Canker in 2006
The first symptoms of interveinal leaf necrosis were observed 12 days postinoculation and the first dead plants were observed 45 days post-inoculation. Final interveinal leaf necrosis ranged from 71% in the inoculated control to 46% for the AgriPhage-treated plants (Table 2) . No bacterial canker symptoms were observed in the non-inoculated control. Plant mortality followed the same pattern as leaf necrosis. Numbers of dead plants ranged from 95% in the inoculated control to 22.5% in the AgriPhage treatment. Area under the disease progress curve was significantly reduced by 50% with foliar applications of AgriPhage ( Table 2) .
The AgriPhage treatment resulted in significantly greater cull fruit weight (30.0 lb/plot) as compared to the inoculated control (23.0 lb/plot) and the noninoculated control (16.3 lb/plot). The non-inoculated control produced the greatest marketable fruit weight (48.9 lb/plot), which was significantly greater than the inoculated control (32.1 lb/plot) and the AgriPhage treatment (33.0 lb/plot). The non-inoculated control (65.2 lb/plot) and the AgriPhage (63.9 lb/plot) treatment resulted in significantly greater total fruit yield as compared to the inoculated control (55.1 lb/plot). 
Effect of Control Products on Bacterial Canker in 2007
Interveinal leaf necrosis symptoms were significantly reduced (21%) by AgriPhage applied as a foliar spray, but Kasumin and Badge did not significantly reduce symptoms (Table 2 ). The amount of leaf area affected ranged from 56% for the AgriPhage-treated plants to 71% for the inoculated control. Plant mortality was reduced by treatment with AgriPhage, although not statistically significant due to variability among plots. Percentage of dead plants ranged from 17% for the AgriPhage treatment to 71% for the inoculated control. Kasumin and Badge each resulted in significantly lower AUDPC. AgriPhage reduced symptom development (AUDPC) by 59% compared to the inoculated control. There were no differences among treatments for cull fruit weight, marketable fruit weight and total yield (data not shown).
Effect of Control Products on Bacterial Canker in 2008
AgriPhage, Kasumin and Badge were tested again in 2008. None of the products tested influenced severity of bacterial canker, plant mortality, or AUDPC (Table 2) , and no product influenced cull fruit weight, marketable fruit weight and total yield (data not shown).
Summary
No chemical or biological control products have previously been shown to reduce development of bacterial canker in greenhouse tomatoes. These studies show that preventive foliar applications of bacteriophage (AgriPhage) significantly reduced symptom development (AUDPC) of bacterial canker in greenhouse tomato in two of three years. AgriPhage also increased total fruit yield in one of three years. The lack of a yield benefit observed in these trials is due to the conduct of the experiments. Infected plants were left in the trials until maximum plant mortality was observed. Fruit symptoms were not observed and fruit ripened normally and were harvested from severely wilted plants. This differs from the real-life greenhouse situation where infected plants are removed immediately, thus resulting in significantly lower yield across the greenhouse. The antibiotic treatment (Kasumin) and the copper-containing product (Badge) were slightly effective in reducing disease severity in one of two years. There were variations in experimental procedures used in each of the three years. Although the inoculation method used differed in each year, disease development was observed to be identical, with interveinal leaf necrosis reaching 71% in the inoculated control by the end of the trials. Symptoms developed within 12 to 20 days of inoculation in each year resulting in similar AUDPC values. The different cultivars used in each year exhibited identical symptom expression and similar disease development. The number of applications of the control products also varied among years, ranging from 13 times in 2006, 8 times in 2007 and 6 times in 2008. The reduction in the number of applications may explain the lack of efficacy of the control products in 2008. However, it seems unlikely that growers would make more than 6 to 8 applications of bacteriophages in a single growing season, due to labor and economic constraints. The interval of time between applications may have also influenced efficacy. Improvement in the timing of applications may prove beneficial for demonstrating consistent efficacy among control products. Nevertheless, the bacteriophages showed a potential to suppress bacterial canker of tomato in greenhouse conditions, and appears to be comparable to other products tested thus far.
More research is needed to understand how to best utilize bacteriophages for managing bacterial canker in a greenhouse environment. Future research involving rates of products, timing and number of applications, and application method (spray versus fogging) may provide more consistent reduction in disease severity, resulting in improved management of bacterial canker of greenhouse tomato.
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